A 3-D model of pelton turbine bucket was built to investigate the motion characteristics of sediment particles in pelton turbines and the erosion caused by the movement. With the assistance of fluid analysis software FLUENT, A continuous phase turbulence model was estimated by the Euler equation which achieved convergence and the selected coupled calculation for solid-liquid two-phase flow with DPM model was built. It can be draw from the numerical analysis that, with the same size and sediment concentration, the inner bucket wall would suffer from the greater erosion by the relatively greater flow velocity; under the same condition of flow velocity and sediment concentration, the more serious erosion was caused by the bigger sized sediments; and the greater sediment concentration led to greater erosion, given the same flow velocity and sediment size. Based on the study, it showed that the erosion of inner wall of buckets was mainly affected by sediment size and concentration, as well as flow velocity.
Introduction
Low head hydro power in China has been extensively exploited, while the high head hydro power still waits for its full development. It is pressed for time to expand our study on pelton turbines, especially for the factors affecting silt erosion of inner wall of pelton buckets. The complicated process of water flow within the pelton turbines, pressure loss, secondary flows, sheet flow, free surface flow, water splashes and instability, adds difficulties of research. Former study has made some contributions on this area. Padhy and Zhang's work [1] [2] [3] mainly focus on the silt erosion mechanism and the law of friction of pelton turbines. In Grant and Tabakoff's work [4、 5] , the controlling formulation for erosion of particles against the inner wall has been derived. Hang's study [6] probed into numerical solutions and applications for sparse particles in the arbitrary flow field. Scholars also contribute some efforts to the computer assistant simulation study. Padhy [7、 8] discussed the factors, such as sediment shape, size and concentration and their erosion on buckets. Shrestha [9] studied solid-liquid two-phase flow's motional properties in pelton turbines and thecomputational analysis of pelton bucket tip erosion. For the experimental research and erosion protection, Liu [10] did much experimental study on sediment erosion of pelton turbine flow passage component material. Maldet and Rainer [11] investigated the possible wear protections for pelton buckets. The paper studied the sediment particles' movement properties within pelton buckets, and analyzed the erosions caused by different size of sediment, flow velocity, and concentration. From all the discussions laid before, we got the main influencing factors for the silt erosion on inner wall of turbine buckets. formation of swirl. The swirl enrolls air into the jet flow field, which enable the air flowing forward with the fluid while the fluid itself lowers the speech for losing momentum. The entrainment and mix will enlarge the jet flow field and increase the volume of the on-way flow.
Therefore, we can make following assumptions, (1) the solid-liquid two-phase flow is pseudo-homogeneous flow; (2) the concentration and diameter of the sand particles in the jet flow won't change with time; (3) before reaching the bucket, the jet flow is neither entrain nor mix with external fluid; (4) leave out the hydraulic loss caused by water splashes; (5) the change in jet stream locations are already fixed; (6) the inter-reactions between buckets are ignored in this study.
The standard ε − k model equations under relatively solid-liquid two-phase flow pattern are as following,
(2) G k is the production of the turbulent kinetic energy k which is influenced by the mean velocity gradient; k σ and ε σ are the prandtl number of the turbulent kinetic energy k and the dissipation rate ε ; C and C 2 are empirical constants; µ is the coefficient of dynamic viscosity of fluids; k d S is the productions of the turbulent kinetic energy k under the influence of particle movement, which can be described as,
In the equation, β is the fluid drag coefficient, andthe first term on the right side is k 's production caused by the bafflement of solid particles, the second term is the exchange term for turbulent kinetic energy of solid-liquid two-phase flow. u ∆ represents liquid phasespeed fluctuation and v ∆ is particle phase speed fluctuation. ε d S is the dissipation rate's production caused by particle phase.
3 C is the empirical coefficient.
Erosion Models
When sediment particles flash throughthe wall of buckets, it generates gouging abrasion on buckets. In the existing models, the erosion rate is given by the ratio of the quality of grinded materials and the eroded volume of buckets. With given conditions of bucket wall and particles, the erosion rate is determined by the flow velocity, particles' impact angle and other factors. The model this paper applied is the empirical representation which isproposed by Grant and Tabakoff to describe the erosion rate produced by per unit mass of particles eroding the stable wall.
In the equation above, E represents quality erosion rate of wall-surface; p V is the jet velocity for sediment particles impact; represents the function of v . Under the default value condition, 0 , 1 ,
, the simulation of numerical analysis is performed by using empirical numbers.
Subjects and Calculation condition

Subjects
The buckets in pelton turbines rotate under the impact of jet flow. A 3-D model can be built by the software UG to set up a mathematical model for the part from nozzle mouth to the turbine buckets based on the fact that the reception of jet flow is substance featured. To better simulate the real situation of solid-liquid two-phrase flow within the turbine bucket, the extension has been designed on the bucket surface and the cutting edge area in the 3-D mathematical model. The final 3-D model can be seen in chart 1. With the help of professional mesh generation software ICEM CFD, an unstructured tetrahedral mesh is generated, with the total mesh number of 915000.
Fig.1 Computer simulated unstructured tetrahedral mesh (part)
Boundary condition
Continuous phase (water): the flow can be seen as the well-formed turbulent after jet flow reaching the bucket surface. It is general acquiescence to regard the inlet velocity and concentration as homogeneous distributed. But we can also say the velocity and concentration distribute with certain patterns and the velocity change with the size of sediment particles. Here to set the inlet boundary condition as homogeneous distributed, and the outlet is set as free out flow, the stable wall, non-slip wall.
Disperse phase (sediment particles): assuming that there exists the same flow velocity between water and sand particles and the boundary conditions keep up with those in continuous phase. Stable boundary falls in the collision model of sediment and the inner wall. The collision in jet angleα can be calculated,
The tangential components and normal components of bounce rate can refer to the collision-rebound formulas for quartz sand and corrosion resistant plate. .To more preciselyreflect the flowing properties of sediment within the bucket, the disperse phase model should be applied in the research.
Continuous phase should be calculated at the first place.Within the standard turbulent model, SIMPLE method can be used to do the continuous iterative computations on continuous phase, which would yield the flow area after achieving convergence. On the base of that, it can be added with motional formulations to calculate the disperse phase (sediment particles) movements. By COUPLED method, selected coupled calculation can be done to investigate the sediment and water movement, and all the calculations led to the property of sediment movement in the water flow area.
Results and analysis
Impact of flow velocity
For the concentration of sediment always changing in the rivers, the diameter of sediment particles should be fixed as a constant value in the numerical analysis. In this paper, we set a constant value for jet flow diameter, mm d 123 0 = , assuming jet flow only watering down the surface of bucket.
It can be referred from Fig.2 that under a constant condition of particle size and concentration, the inner bucket silt erosion rate increases as the elevation of jet flow velocity figures, which can be inferred that the silt erosion rate depend on the jet flow velocity with a given sediment size and concentration condition. Fig.3 displays the inner bucket movement track of sediment particle. The daily-increased erosion the inner walls of bucket receive from sediment's impact may affect the efficiency of water turbines and increase the cost of maintenance. Fig.4 is the asymmetry erosion under gravity, from which we can see that more serious erosion happened on the -Y direction. Compared with inner bucket movement track, we can say that the mainly eroded area is the outlet region near the end of bucket. The most serious eroded parts are mainly located on the bucket breach and the middle area of contact surface as the flow velocity reaches maximum data in those areas. 
Impact of sediment diameter
It can be draw from Fig.5 that under the same condition of flow velocity and sediment concentration, the erosion levelincreased as the enlargement of sediments size, which shows that sediment diameter cast great importance on inner bucket erosion.
Impact ofsediment concentration Fig.6 shows that given the same flow velocity and sediment size, the condition of erosion under the impact of sediment with differentconcentrations. It is argued that the greater sediment concentration led to greater erosion. As there exist direct relationship between sediment concentration and size, the two factors work together to determine erosion level. 
Conclusion
The abrasive erosion of the inner bucket of pelton turbine is mainly affected by the sediment particle diameter, concentration and flow velocity. The movement of sediment within the bucked is asymmetry. The most serious eroded parts are mainly located on the bucket breach and the contact surface of jet low, while the major eroded area is the outlet region near the end of bucket. The result of simulation coincides with the erosion condition in practice. But the experimental data is still in want. The solution methods and protection measures to combat abrasive erosions still wait for further studies.
